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ABSTRACT

- _een- -w --- _p-- e manner in which the accuracy of quantitative
scale readings varies as 1 function ot illumination an( acceleration.- 4-

The following basic findings resulted from an analysis of the data from
this experiment:

(i) At the higher levels of instrument illumination, increasinrg accel-
eration and decreasing luminance produce relativel yo increasw
in reading errors_

(2) ,t marginal levels of Illumination, acceleration and luminance
interact to produce a relatively large increase in errorj.

(3) Intensity of iLlumination can compensate for the decline in visual
performnce at stress levels above I g.

tl

PUBLUCATWON REVIEW

This report has been reviewed and is aproved,

)R THE CORV-AANDCR:

ANDRU 1. KARSTKN
Coiuel. UAF (MC)
AssistAstat Chief, Aero Medical Labora~ry
DIbcorate of Laboratories
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THE EFFECTS OF POSITIVE ACCELERATION ON THE RE LATION
BETWEEN ILLUMINATION AND IIETRUMENT READIN

The present study was desiguwd to determine whether or not a pilot'sa
ability to read aircraft Instmmwent dials &t varioas brightness levels in
inpaired by accelerative force lIss than that required to produace temporary
blindness.

METHOD

_Afiruus. The Wright Air NDeveUpmeat Center human centrifuge was
used ini this study.

Instrument reading performance was measured by using the apparatus
and procedures developed by Chalmers, Goldstein, and Kappauf (2) as a
stranardized method for studies of dial reading behavior. The reading
material consisted of a panel at twelve dials. The dials were scaled from
0 to 100 over the full circumference, and one type was graduiated by fives
while the other was graduiated in units. See Figure 1. The pawel was located
directly ahead of the subject and at 28 Inches from the eye.

Illumination of the instrument panel was provided by modified aircraft
high intensity lights symmetrically located on. either side and to the rear of
the subject. The intensity df the white illumination was controlled by neutral
density filters puinced i ba-lders attached to each light ustce. At the highest
brightness level the whi-te portion of the dial was 42 milliulamberts. This ha-
minance was measu red with the Macbeth illu mnmtr. The background of
the dials nti panels was matte black and less than one-tenth ca bright as the
'white Insitruiment markings.

Sk c~s ft selected subjects were used in this study. All subjects
had an uncorrected visual acktya 2f0/20 or better in both eyes an meammred
with American Optical Company S&t 8caetroer. Only persons with consid-
erable experience riig the centrifuge were selected as subjects.

Proceduare. The day prior to the first test ride on the centrifuge, the
subjects were Individuzally IndotrinAted concerning the test proceduare. lDar-
Ing this Imloctrination the subjects gained knowlege aot the test routine,
became acquainted with the two types of dials and had an opportunity to make
readings at the different knninance levels tc be usied in the experiment.

The test proce*Are require that each meszion begin with readings at the
highest or second highest kaminsance level and ..ork down the luminance range
by using every second level, and then taking the remaining ievells in increasing
order. Five mnumtes of adaptation preceded work at each excetssive lower or
higher iuminance level.
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An instrument panel, a sample of the design to be exposed on the first
experimental trial, was always in front of the subject. When the experimen-
tor was ready for a test trial, a verbal command was given the subject, who
released a catch which allowed the test panel to slide into plav.* vi cover the
sample panel. The subject began reading aloud immediately. Ooid reading
respones were placed on a magnetic tape recorder. These recordings were
later played back, and two independent listeners scored the sbjects' responses.

The subjects were instructed to read beth types of instrument dials to the
nearest unit. The order of reading the dials was not specified, but most subjects
read the panel from left to right, top to bottom. The subjects i'ere neither inform-
ed of the acceleration levels to which they would be exposed, a.- were they told
of the quality of their performance or how they compared with e.xh other.

The subjects were exposed to accelerative levels ranginog from 1 to 4 g.
The upper limit was set on the basis of the relation between acceleration and
dimming of vision. It was decided that the highest acceleration would remain
at least one g unt below the value at which dimming of peripheral vision would
occur. Since the subject wore CSU-3/P anti-g suit, peripheral dimming could be
expected at about 5 g. The specific sequence of acceleration, luminance ievels
and type of dial used for each subject was determined in advance. Over the
entire experiment, there was systematic balancing of all order effects judged
to be important.

RESULTS

?he data of this experiment consist of error scores mad by the same

group of six subjects at five luminance ievels a:td four conditions of accelera-
tion. Figure 2 shows the percent of readings in errors plotte(d1 a function
of illumination. The parametric vaiues represent performanice under the
various acceleration conditions. In specifying this relatiin, all errors, regard-
less o magnitude, are considered alike. ThaL is, an error of one unit in reading
counted as much as an error of ten units.

The data indicate (1) that at the highest luminance level there are no differ-
ences in the percentage of errors among the four acceleration coaiditions, (2) that
at tfie three highest luminance levels, for values up to 3 g, there are no significant
dif 'rerces in the percentage o reading errors, (3) that at th two lower luminance
le-els, errors are inversely related to lurninance and direcly related to accelera-
tion, (4) that at the 4 g condition there is a systematic increase in errors with
decreasing brightness, and (5) that the 2 g level of acceleration cannot be distin-
gui shed from 9he 1 g or static condition.

In Figure 3, the data are plotted to show the relation between acceleration
in g units and percent of total readings in error. The effect of iuminin "e on
this relationship is also shown.
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An analysis of the data provides some evaluation q( the kinds of errors
made during the experiment. A tabulation at errors oi one to four units and
of error# of five units or more provides a basis for interpreting the graphic
description of the results. Gross errors, that is errors of fAve units or more,
account for s~lghtly less than 13 percent oi all the dial reading errors made.
O( this 13 percent, 60 percent occurred at the lowest luminance level, and at
this luminance level, these errors are not related to acceleration in any sys-
tematic manner. In view of the small percentage of gross errors, the data
shown In Figures 2 and 3 are primarily an expression of errors of one to four
units.

The error data were examined in yet another way to see if the dial grad-
uation scheme interacted with acceleration andr illumination. This analysts
showed that the percentage of total readings in error for dials graduated in
units and graduated by fives was identical (i.e., 20 percent) and bore no sys-
tematic relation to acC•leration.

The reading errors were then related to the 12 locations on the instrument
panel and examined in terms of acceleration ad luminance. On this basis the
data did not yield a significant relation.

A summary of the data is given in Table I. The entries shown in this
table are the total errors, regardless of kind or dial type with which they
were associated. The frequency of errors under certain experimental
conditions prompted a combination of these for purpose -f summarizing the

i t* in graphic form.

TASLI I

SPMRY OF TOTAL EARORS BY MtINUA=E LEV.L
Ago ACCELRTION (72 REIOR PEi CELL)
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DISC USSION

The data obtained under the I g conditions are in agreement with previous
studies of the effect of illumination on dial reading (2, 4, 7). That is, below a
critical luminance, decreases in luminance are associated with increasingly
poor performance, and above this value, increases in luminance produce little
or no improvement. The task now at hand ia to consider the changes in dial
reading performance under conditions of 2, 3, and 4 g.

Warrick and Lund (5) have reported an investigation of the effects of
moderate levels of acceleration on the ability to read instrument dials. They
nvd that the number of readings attempted at two levels of acceleration was

t the same, but the errors increased from 18 percent at 1. 5 g to 24 percent
at 3 g. Since they did not report the illumination level nor control data for the
1 g condition, a comparison is mot possible. They were able to show, however,
that positive g less than that required to produce blackout causes impairment in
instrument reading ability.

The data from this experiment resemble in some respects the findings of
studies on the effect of hypoxia on visual functions (1). Investigations of isual
acuity under low oxygen tension show that the same relation holds between vis-
ual acuity and luminance as under normal oxygen conditions, the only change
being a shift of the curve toward higher luminances. Such a shift reeults in
relatively large decreases in acuity at low luminances. At increasing lumi-
nances, hypoxia produces less and less change. At very high luminances, the
decrease is negligible.

Although dial reading is not a visual acuity task In a strict sense, there
are similarities. In those studies where instrument reading errors have been
compared with errors in reading Landolt rings at various luminance levels,
there is a general similarity between curves of these two functions. This
means that the acuity task and the dial reading task depend upon similar visual
discriminations, that is, discrimination of detail.

On this basis it is possible to think of the effect of acceleration as being
equivalent to that of placing an optical filter before the pilot's eyes. At 4 g,
for example, the increase in errors is almost equivalent to reducing the lumi-
nance of the instrument reading task by one logarithmic unit.

In terms of equipment design, these data imply that cockpit lighting systems
could be designed to minimize the reading errors which arise as a consequence
of increased g.

,Mer possible cause o the observed decrement in performance needs to
be ioiei,ned. It has been shown that with high degrees of accommodation, the
lens O .h e'c is displaced in the direction of gravity (3). This finding bears
dirwj on Ue Oa obtained in this study, since a similar change in lens pool-
tiot t be eVrvcted as a function of acceleration stress. The relation between
visual ;,tuity and acceleration has been reported (6). Under conditions similar
to thoim !i this experiment, it was shown that acuity decreases progressively as
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the mraWwr-, of the acceleration is increased above 1 g. Thin decrease In
Acuity is re,;id to be a result o( a displacement of the lens of the eye by
the inerG*,1(,Or~o resulting from acceleration.

SUMMARY

This experiment was designed to determine whether or not a pilot's
Ability to read aircraft Instrument dials at various levels ot illumination
is impairod by pooitive-g forces less than that required to produce blackout.

Twelve dials were presented uimultaneouuiy to an Individual subject
And his performance in reading. the dials was scored In terms Of error's and
average timne. Dials were scaled from 0 to 100 over the full circumference,
graated by fives; and uanits. From a maximum brightness of 42 ml, the
brightness of Ow dial mar-king was decreased in fouir equal logarithmic steps.
The g-forces were produced experimo.FntaUy in the WADC human centrifuge.
The g-force was increased in unit trieps from I to 4 g. The six subjects,
experienced In centrifuge research, had normal vision and each wore an Air
To-rev -suit.

Upon analysis of the data It was found: (1) at the three highest bright- 4

iess levels errors were at a minimum and no systiwatic increase In. tota
error was fimnd for YAWjes up to 3 g; (2) at the two lower brightness levels,
the total error Increased directly as a function o( g and Inversely as a function
of brightness,- (3) at all. ^o the brightness levels used in the study, the 4 g
condition yielded a systematic increase in total error with decrease In bright-
ness;* (4) total error and reading time vary in t~ generally similar way as a
function of brightness level and g-value.

WADC TR54- 3' 32



REFERENCES

Berger, C., UcFarland, R. A., Halperin, hi. ftandt " J. 1.,
The Effect of Anoida on Visual Resolving Powet, Amer.~ Ffyzhol,
1943o 589 395-407.

.Chalmers, E. L. , Goldstein, M. , and KappaA4 W. E, I_ b ffect
ofmumnination on Dial ReadiNg, Air Materiel ( mmand, Vtro

AFB, Ohio, USAF Technical Report 6021, i.;

~.Fircham, E. F. , The Mechanism of Accomni~ai Btftfl j. Ophth.,
1L937, Monogr. Suppl. 8, 52-54.

Spragg, S. D. S. and Rock, M. L., Dial Rea IJf8Related 14mina-
tion, Variables:!I. Intensity, Air Materiel C, m&Mtero
AyB, Oh ,Ao, USAF Memorandum Report No. 14CREXD-694-21, 244.8.

-Warrick, K. J. and Lund, D. W.-, The EffeO4j q4U~oderate Poafiqve
Acceleration 0o) AbiYj Rad Aircrf Tyjt crutnent 101afr7AZ1
Materiel Commandt Wriht -Paterson AFB( W ,T U3A j Mi*um

R~prt o.TSEAA694-10, 1948.

- White, W. J. and Jorve, W. R.,p The Effec CIO Gravitation~
Viual Aci, Wright Air Development C tr, Wright- attersev AFB,

Mot Technical Report No. 56-247, 19f;4.

- Whte , W. J. and Sauer, Shirley C., Sc fe#pn for Reading at !A-**
13rghtn WihAi eeoknt Centp c, Wright-Patterson A~'

OhioWADCTechnical Report No. 53-46#8. 044.

__ADC TR 58-332


